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[57] ABSTRACT 

A basic gradation curve, a gray balance, and a black curve 
are selected, and a tone reproduction curve is generated 
based on a combination of the basic gradation curve, the 
gray balance, and the black curve which have been selected. 
Using the generated tone reproduction curve, a sample 
image is color-separated to generate a proof. Hie proof is 
checked, and, if necessary, the tone reproduction curve is 
corrected until an optimum tone reproduction curve Is 
generated. 

11 Claims, 8 Drawing Sheets 
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METHOD OF AND APPARATUS FOR 
GENERATING TONE REPRODUCTION 
CURVE FOR CONVERTING COLOR 
SIGNALS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of and an 
apparatus for generating a tone reproduction curve for 
converting three color signals of cyan (C), magenta (M), and 
yellow (Y) which are produced when an original image is 
read, into four color signals of cyan (Q» magenta (M), 
yellow (Y), and black (K) which are capable of reproducing 
desired color tones. 

2. Description of the Related Art 

In the art of printing and platcmaking, there have widely 
been used image reading, recording, and reproducing sys- 
tems for electrically processing image information read from 
original images to produce film plates in order to make 
printing and platcmaking processes more efficient and 
improving the quality of images reproduced from such film 
plates. 

In such an image reading, recording, and reproducing 
system, three color signals of C, M, Y produced by scanning 
an original image are converted into four color signals of C, 
M, Y, K which are capable of reproducing desired color 
tones, using a tone reproduction curve, and then film plates 
are generated on the basis of the respective four color 
signals. Image processing processes which are carried out 
upon conversion from the three color signals of C, M, Y into 
the four color signals of C M, Y, K are disclosed in Japanese 
laid-open patent publications Nos. 4-124666, 4-253472, and 
4-253474, for example. 

The tone reproduction curve provides basic conditions for 
governing the tone reproducibility of original images on film 
plates. The tone reproduction curve is established as repre- 
senting halftone dot % values of four color signals of C, M t 
Y, K that are outputted with respect to the density of a gray 
original image. 

Heretofore, it has been customary to establish and register 
a tone reproduction curve by entering numerical values 
which represent the relationship between measured values of 
the density of an original image and halftone dot values to 
be reproduced on film plates. For achieving good tone 
reproducibility, it is necessary for the operator to enter 
numerical values in order to obtain smooth a tone reproduc- 
tion curve. However, the operator needs to be highly skilled 
to select such numerical values for generating a smooth tone 
reproduction curve and takes a considerable period of time 
to enter the numerical values. If a large number of tone 
reproduction curves are to be established and registered for 
use with various types of originals, then the entire process 
results in a considerable expenditure of time and labor. The 
tone reproduction curve that has been established and reg- 
istered can finally be determined after the actual tone 
reproducibility of a test image has been confirmed and 
accepted. If the tone reproducibility of a test image is not 
acceptable, then the operator has to establish and register a 
tone reproduction curve again. 

SUMMARY OF THE INVENTION 

It is a general object of the present invention to provide a 
method of and an apparatus for generating a tone reproduc- 
tion curve for converting color signals in a manner to allow 
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the operator to establish and register a tone reproduction 
curve easily and efficiently. 

A major object of the present invention is to provide a 
method of and an apparatus for generating a tone reproduc- 
5 tion curve for converting color signals easily and efficiently 
by correcting a preset tone reproduction curve. 

The above and other objects, features, and advantages of 
the present invention will become apparent from the fol- 
lowing description when taken in conjunction with the 
10 accompanying drawings which illustrate a preferred 
embodiment of the present invention by way of example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

! 5 FIG. 1 is a block diagram of an image reading, recording, 
and reproducing system used in the present invention; 

FIG. 2 is a flowchart of a method of generating a tone 
reproduction curve for converting color signals according to 
the present invention, which is carried out in the image 

20 reading, recording, and reproducing system shown in FIG. 
l; 

FIG. 3 is a diagram showing basic gradation curves; 
FIGS. 4A, 4B. and 4C are diagrams showing halftone dot 
% values of C, M. Y with respect to the density of an original 
25 image, halftone dot % values of M with respect to halftone 
dot % values of C, and halftone dot % values of Y with 
respect to halftone dot % values of C, respectively; 
FIG. 5 is a diagram showing a black curve; 
30 FIG. 6 is a diagram showing a displayed curve editor 
window; 

FIG. 7 is a diagram showing a displayed curve setting 
window; 

FIG. 8 A is a diagram showing a pull -down menu for 
35 selecting basic gradation curve configurations; 

FIG. 8B is a diagram showing a pull -down menu for 
selecting gray balance curve configurations; 
FIG. 8C is a diagram showing a pull-down menu for 
40 selecting black curve configurations; and 

FIG. 9 is a diagram showing a displayed user curve 
window. 

DETA ILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

45 

As shown in FIG. 1, an image reading, recording, and 
reproducing system used in the present invention generally 
comprises a transmissive image input device 10 comprising 
a scanner for reading an image recorded on a transmissive 

so original, a work station 12 for controlling image processing 
operation on an interactive basis through a display unit an 
image processing unit 14 for processing image data under 
the control of the work station 12. an image output device 16 
for outputting film plates of C, M, Y, K based on the 

55 processed image data, and an output interface unit 18 for 
outputting an image signal from the image processing unit 
14 to the image output device 16. A reflective image input 
device 20 comprising a scanner for reading an image 
recorded on a reflective original is connected, if necessary, 

60 to the transmissive image input device 10. 

The transmissive image input device 10 has an input/ 
output interface 22 for receiving an image signal from the 
reflective image input device 20 and transmitting an image 
signal processed in the transmissive image input device 10 

65 to the work station 12, a central processing unit (CPU) 24, 
an image reader 26 for reading an Image recorded on a 
transmissive original with a charge-coupled device (CCD) 
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or the If** a pre-processing circuit 28 far converting an available three curve configurations which can be selected 

image signal produced by the image reader 26 from a by selecting corresponding conditions 1, 2. 3 (see FIG. 8B). 

voltage signal into a current signal and logarithmically The condition 1 represents halftone dot % values 

converting the current signal to produce color signals C, M, &<r**r for example. The condition 3 represents downwardly 

Y, and an image buffer 30 for temporarily storing the color 5 convex curve configurations as shown in FIGS. 4B and 4C 

signals from the pre-processing circuit 28. Conversely, the condition 2 represents upwardly convex 

The work station 12 comprises an input/output interface curve configurations. 
32 for receiving color signals from the traasmissive image A black curve is defined as representing the relationship 
input device 10 and transmitting color signals to the image between the halftone dot % value of K and the density of an 
processing unit 14, a CPU 34, an image buffer 36 for 10 original. As with the basic gradation curve, there are avail- 
temporarily storing color signals, and a console including a able a choice of different curve configurations: +3, +2, +1, 
display unit 38. a keyboard 40, and a mouse 42 for display- standard, -1, -2, -3, S shape, and inverted S shape for the 
ing images to control image processing operation. black curve (see FIG. 8C). 

The image processing unit 14 comprises an input/output After the step SI, the operator operates the keyboard 40 

interface 44 for transmitting signals to and receiving signals 15 or the mouse 42 of the work station 12 to display a curve 

from the work station 12 and transmitting signals to and editor window shown in FIG. 6 on the display unit 38, and 

receiving signals from the output interface unit 18, a CPU then select desired curves from the registered basic grada- 

46. an image processing circuit 48 for effecting gradation, tion curve, gray balance, and black curve data in a step S2. 

edge, scaling, and other image processing processes on color Specifically, the operator selects the generation of a "new 

signals of C, M. Y to generate color signals of C, M, Y, K, 20 fij c " ^ me curve editor window shown in FIG. 6. and 

an image processing condition correcting circuit 50 for displays a curve setting window shown in FIG. 7 on the 

correcting image processing conditions in the image pro- display unit 38. Then, the operator selects a desired basic 

cessing circuit 48, a parameter memory 52 for storing gradation curve configuration, a desired gray balance curve 

parameters of the image processing conditions, and a tone configuration, and a desired black curve configuration in the 

reproduction curve data memory 54 for storing tone repro- 25 curve setting window. Specifically, the curve configuration 

duction curve data used in the gradation process. 0 f mc desired basic gradation curve can be selected from (he 

The output interface unit 18 comprises an input/output curve configurations: +3, +2, +1, standard, -1, -2, -3, S 

interface unit 56 for receiving color signals from the image shape, and inverted S shape shown in FIG. 8A. The curve 

processing unit 14 and transmitting color signals to the configuration of the desired gray balance can be selected, as 

image output device 16, a CPU 58, an output processor 60 halftone dot % values of M and Y with respect to a halftone 

for outputting color signals to the image output device 16, dot % value of C, from the conditions 1, 2, 3 shown in FIG. 

and an image buffer 62 for temporarily storing color signals. 8B. The curve configuration of the desired black curve can 

A method of generating a tone reproduction curve for be selected from the curve configurations: +3, +2, +1, 

converting color signals according to the present invention, 33 standard, -1, —2, -3, S shape, and inverted S shape shown 

which is carried out in the image reading, recording, and in FIG. 8C. 

reproducing system shown in FIG. 1, will be described After the desired basic gradation curve configuration, the 

below with reference to FIG. 2. desired gray balance curve configuration, and the desired 

Basic gradation curve, gray balance, and black curve data black curve configuration are selected on the respective 

for making up provisional reference tone reproduction ^ menus, and desired density vs. halftone dot % values of 

curves are registered in the tone reproduction curve data highlights and shadows and the density of a start point SP 

memory 54 in the image processing unit 14 in a step SI. (see FIG. 5) of the black curve are selected, a reference 

A basic gradation curve serves to impart desired tone sample original such as a dye scale, a color chart, or the like 
reprodudbOity with respect to a color signal of C, for " read from the transmissive image input device 10 or the 
example. The basic gradation curve represents halftone dot 45 reflective image input device 20 in a step S3. Then, in a step 
% values with respect to densities of C, as shown in FIG. 3. S4, a proof is generated using the curves selected in the step 
There are available a choice of different curve configura- S2. An original density SMPLD(i) (i=l n: n is the number of 
tions: +3, +2, +1, standard, -1, -2, -3, S shape, and inverted samples) is normalized using a highlight density UHLVD 
S shape for the basic gradation curve (see FIG. 8A). The and a shadow density USHVD to produce a normalized 
curve configurations: +3, +2, +1, standard, -I, -2, -3 30 o^* 1 density SORGD(i) expressed by: 
represent respective directions and magnitudes of curve soRGD{f^MPLD(iHUSHVD-UHLVD) <» 
adjustment. For example, the curve configuration +2 repre- 
sents a 10% upward shift in an intermediate density section Using the basic gradation curve selected in the step S2, the 
from the curve configuration: standard. The curve configu- relationship between the normalized original density 
ration: S shape (inverted S shape) represents a combination 55 SORGD(i) and a halftone dot % value SDOTPC(i) relative 
of downwardly convex and upwardly convex shapes (a to the color signal of C is determined by a predetermined 
combination of upwardly convex and downwardly convex interpolating function Fbc as follows: 
shapes) for the standard gradation curve. ^ ^^^ 

A gray balance is defined as representing halftone dot % 
values of M and Y for obtaining a gray with respect to a 60 Various interpolating functions may be used as the inter- 
color signal of C having a given halftone dot % value. FIG. polating function Fbc For example, interpolating functions 
4A shows the relationship between halftone dot % values of for carrying out linear interpolation, quasi-Hermitian 
C, M, Y far giving a gray at the density of an original. For interpolatioD, spline interpolation, etc. may be used, 
example, the gray balance is defined as halftone dot % Then, using the gray balance selected in the step S2, 
values a^, a, (%) of M and Y with respect to a halftone dot 65 halftone dot % values SD0TPY(i) and SDOTFM(i) relative 
% value a c of C at the density dj of an original, as shown in to the color signals of Y and M are determined by prede- 
FIGS. 4A through 4C. For the gray balance, there are termined interpolating functions Gey, Gem as follows: 
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SDOirniy&xSDOircxi)) (?) What is claimed is: 

SDOTPM ( r F Ca*?DOTra.i» (4 ) L ^method of generating a tone reproduction curve for 

converting odor signals produced from an original image 

Furthermore, using the black curve selected in the step S2, mt0 ham ° nc 601 % si S™* s of c * M ' Y * comprising the 

a halftone dot % value SDOTPK(i) relative to the color 5 steps of: 

signal of K is determined by a predetermined interpolating (a) selecting a basic gradation curve, a gray balance, and 

function Fbk as follows: a black curve; 

(b) generating a first tone reproduction curve based on a 

SDOTTKify^SDOTPCii)) (5) combination of the basic gradation curve, the gray 

a » n „, ^nrf^,, • ii „ , A , 10 balance, and the black curve which have been selected, 

A tone reproduction curve is then generated from the n „ A »i « + . - . . . . 

halftone dot % values SDOTPC(i), SDOTPM(i), SDOTPY " d rcglStermg te gcncrated tet tonc rc P roduction 

(i), SDCTTPK® relative to the color signals of C M, Y. K. / . . A 

The generated tone reproduction curve is sent to the image < c > justing said first tone reproduction curve such that 

processing unit 14, which generates a proof of the sample is halftone dot % signals of C M, Y, K produced by 

original using the generated tone reproduction curve in the converting a sample image using said first tone rcpro- 

stepS^Sr^cifically, the color signals of C,M,Y relative to duction curve will become desired halftone dot <fc 

the sample original are transferred from the transmissive signals of CMJ.K, thereby producing a second tone 

image input device 10 or the reflective image input device 20 reproduction curve; and 
to the image processing unit 14, in which the color signals 20 (<*) registering said second tone reproduction curve, 

of C, M, Y are converted into halftone dot values of C, M, 2. A method according to claim 1, wherein said step (a) 

M, K according to the equations (1M5) by the image comprises the step of selecting a basic gradation curve, a 

processing circuit 48. Thereafter, the halftone dot % values gray balance, and a black curve on menus in a displayed 

of C, M t M, K are transmitted from the image processing window. 

unit 14 through the output interface unit 18 to the image 25 3- A method according to claim 1, wherein there are 

output device 1* , which generates the proof. available a choice of curve configurations for each of the 

The operator then visually compares the proof and the basic gradation curve, the gray balance, and the black curve, 

sample original to check the proof in a step S5. If the proof 4. A method according to claim 3, wherein said curve 

is desirable, then the operator accepts the tone reproduction configurations include a standard curve configuration and a 

curve which has been generated and register its data in the 30 plurality of curve configurations representing respective 

tone reproduction curve data memory 54 in a step S7. different directions and magnitudes of adjustment from said 

In the step S4, the proof is generated and adjusted. standard curve configuration. 

However, if desirable halftone dot % values in a given 5 - A method according to claim 1, wherein said step (b) 

region on the sample original are known, then the operator comprises the step of selecting the density vs. halftone dot 

may not generate a proof, but enter the desirable halftone dot 35 lvalues of highlights and shadows and the density of a start 

% values directly in the curve editor window shown in FIG. point of the black curve. 

6 and adjust the proof. 6. A method according to claim 1, further comprising the 

If the proof is not desirable in the step S5, then the step of interpolating said first tone reproduction curve 

operator corrects the tone reproduction curve in a step S6. In according to a predetermined interpolating function, 

the step S6, the operator displays a user curve window 40 7. A method according to claim 1, wherein said sample 

shown in FIG. 9 on the display unit 38, and corrects the tone image comprises a reference sample image representing a 

reproduction curve in the user curve window. The operator dye scale or a color chart 

repeats the steps S4-S6 to generate a desired tone repro- A method according to claim 1, wherein said first tone 

duction curve, and register its data in the tone reproduction reproduction curve is prepared in advance depending on said 

curve data memory 54 in the step S7. Alternatively, the 45 sample image. 

operator corrects the registered halftone dot % values with 9* A method according to claim 1, wherein said step (c) 

respect to the density of the original in the curve editor comprises the steps of: 

window, and registers the corrected data in the tone repro- outputting a proof image based on said halftone dot % 

duction curve data memory 54 in the step S7. signals of C, M, Y, K produced by converting the 

The operator may generate and register as many tone so sample image using said first tone reproduction curve; 

reproduction curves as the niimbcr of types of available and 

sample originals, and select and use a desired one of the comparing said proof image with said sample image to 

registered tone reproduction curves. deterrnine adjusting conditions for said first tonc repro- 

According to the present invention, as described above, a duction curve, 

tone reproduction curve is generated by selecting and com- 55 10. An apparatus for generating a tone reproduction curve 

bining the basic gradation curve, gray balance, and black for converting color signals produced from an original 

curve data which have been registered in advance, and a image into halftone dot % signals of C, M, Y, K comprising: 

proof is generated based on a sample imace using the . . . ^ . . , 

generated tone reproduction curve^Based on me generated 8 «™ for "7 5 * 

proof, the tone reproduction curve may be ejected and 60 ^nidation curve, a gray balance, and a black curve; 

registered. Therefore, the operator can establish and register a sclect£H ' for sdectm 8 said curvc 

a tone reproduction curve easily and efficiently. a *°ne reproduction curve generator for generating a tone 

Although a certain preferred embodiment of the present reproduction curve from the selected curve data; 

invention has been shown and described in detail, it should an image reader for reading a sample image; 

be understood that various changes and modifications may 65 an image processor for processing said sample image read 

be made therein without departing from the scope of the by said image reader using said tone reproduction 

appended claims. curve; 



02/24/2004, EAST Version: 1.4.1 



5,696,889 

7 8 

an output device for o inputting the sample image pro- 11. An apparatus according to claim 10, wherein said 

cessed by said image processor; and selector includes a display unit 

a corrector for correcting said tone reproduction curve 
based on the outputted sample image. * + * * + 
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